From 1978 to 1990 the College of Engineering at the University of Michigan offered "Technical Communications 490: Information Resources for Engineers" to seniors working on research projects. A follow-up study was conducted in 1993 to assess the impact of this course. Questionnaires were sent to 60 students who had taken the class and 60 students with similar characteristics who had not; the return rate for both groups was 50 percent. Although both groups of former students were very similar in their use of information resources on the job, those who had taken the Technical Communications course identified more specific resources available to them. They also rated formal sources of information, such as college and public libraries, more highly than did the respondents who had not taken the class, and spent an average of ten hours more per month searching for information and reading information. These data lead us to conclude that there is a relationship between the former students' use of information resources and their having taken Technical Communications 490. This study also revealed that many engineers have access to the tools needed for electronic information retrieval, and that while few receive formal instruction in their use, there is widespread interest in learning more .
• he question of educating students in the use of information resources is no longer debated by most academic librarians. Well-established programs that run the gamut from orientation tours to discipline-integrated instruction, and from HyperCard help stacks to Mosaic homepages, are available on many college campuses. Literature abounds on every aspect of instruction within reference service. However, very little work has been done to investigate the impact of information instruction on the information-seeking habits of graduates after they have left the campus and have moved into the labor force. 1 Such a longitudinal study is reported here.
8 College & Research Libraries course during the 12-year period. The senior-level course, available only to students who had a specific information research need such as a term paper or faculty-directed project, covered problem analysis, development of the information research plan, use of manual and online systems and services, evaluation of information, nature of the engineering literature, and organization of personal files and databases.
In order to learn what impact the course may have had on the students who took it, a survey was designed and tested on 30 graduates who were 8-12 years past graduation. After this pretest, the survey was administered to the remaining group of students who had taken the course during this period. We also sent the survey to a set of former students who had not taken the course, but who had similar characteristics. The matching points were gender, grade point average, departmental major, and national origin. Sixty surveys were sent out in each group; 31 course takers and 29 noncourse takers returned the survey.
SURVEY DATA

Career
The descriptions that the graduates gave of their current job titles could be divided into three broad categories: practicing engineers, managers of technical processes, and "other" (see table 1). For course takers, "other" included 2 CEOs/ company presidents,2 sales/marketing specialists, a research specialist, a commbdities trader, and an attorney. Noncourse takers reported "other" to include 2 company presidents, a sales/marketing specialist, an investment banker, a Naval aviator, an assistant professor, and a financial analyst. A number of respondents in both categories also reported degrees beyond the bachelor of science in engineering degree (see table 2 ). Overall, the course takers and noncourse takers showed very similar characteristics in their career choices, progress, and attitudes.
The respondents were also asked to rank a number of factors that might contribute to building a successful career, with choices provided in three categories: people skills (knowing the right people, relating well to people, ability to work with all types and personalities), data knowledge (knowing the right technical information, keeping up-to-date about engineering, knowing how to use the newest equipment/hardware/resources), and work ethic (meeting deadlines or successfully completing assigned projects, doing more and better work than others, accomplishing job objectives). Table 3 shows which factors were given highest ranking. Lowest ranked by members of both groups was knowing how to use the newest equipment, hardware, and re-sources. In both groups, the responses of those who described themselves as engineers mirrored the responses of the group as a whole.
Electronic Access
Since the engineering curriculum at Michigan is heavily workstation-based and since the Technical Communications course emphasized online information access, our survey focused on the graduates' use of computers and information technology. The respondents provided data on their use of computer applications on the job (see table 4 ). Only one member of each group reported that he did not use a computer on the job, a person in sales/marketing and an engineer respectively.
Access to online information systems on the job was also examined. Respondents were asked whether their company provided access to such systems, which systems were available, and whether they used online information themselves (see table 5 ). Respondents who had taken the course showed awareness of a wide range of systems available to them at work. The ability to access online information systems at work and the number of services available that were named by the members of each group were analyzed for statistical significance. 2 Although there was no significant difference in company access to online services (p = .199), the difference in the number of systems that the former students identified as available at their workplace, as compared with those listed by the group who had not taken the class, was much more pronounced. While not significant at the .05 level (p = .063), the marked difference between two groups who have the same level of access suggests that the former students are better informed about the resources available to them. The usage of these systems, however, did not differ much from group to group.
In addition, respondents were asked about the formats in which they receive information at work (paper, electronic, or graphic/image) and the formats in which they would prefer to receive information. Two-thirds of the respondents in both categories now receive information in electronic form; two-thirds of the respondents also indicated that they would prefer to receive less paper in the future.
Infonnation Sources
How the respondents access and receive information was also surveyed; their use of print and electronic resources, their interaction with human information providers, and the time spent on such activities are reported here.The engineering graduates were asked whether or not they maintained a personal library at work and to rank various information sources they used on the job. While both groups demonstrated the preference for their own personal libraries and word of mouth (which has been documented in other works on engineers and information transfer), those who had taken the Technical Communications course rated formal information sources such as college and public libraries much more highly than those who had not taken the class (see table 6 ). 3 These differences were analyzed and found to be statistically significant; for the ranking of the usefulness of college libraries, p = .029, and for public libraries, p = .009. · The publications that the respondents reported they read to gain background information for their work were also exa.n\ined. While no statistically significant difference was noted, the data did show that the majority of members of both groups read professional literature and technical material (see table 7 ). The course takers cited more specific titles and a somewhat wider range of sources.
The rankings given by the respondents to people in various groups, inside and outside their company, as sources they used to gain information that is directly related to the performance of their current jobs are shown in Respondents were asked whether they know specific individuals, inside and outside their firms, who are knowledgeable about information resources · (see table 9 ). The frequency of their communications with others in their field, but outside their firm, is shown in table 10. Although more course takers reported that they know individuals outside their firms whom they regard as knowledgeable sources of information, the difference between the groups was negligible. The frequency of contact with outsiders, however, was far greater for those in the group of former Technical Communications students. While the difference was not statistically significant at .05 (p = .069), it does seem to be worthy of note, especially as most other differences between the groups were far less significant (p > .15). The average number of hours per month the graduates reported they spent looking for information, reading information, and giving information to others is shown in table 11. Among those who had taken the Technical Communications course, estimates for hours spent seeking information ranged between 5 hours and 80 hours per month, with a mean of 22.1 hours. Among those who had not, estimates ranged between 0 and 40 hours per month, with a mean of 12 hours per month spent seeking information. The difference between the two groups' time spent searching for information was significant, with p = .014.
There was also a marked difference in the hours spent reading information. For the course takers, estimates again ranged between 5 hours and 80 hours per month, with a mean of 32.7 hours per month spent reading information, while the noncourse takers' estimates ranged between 1 hour and 96 hours per month, with a mean of 22.9 hours. This difference was also significant, with p = .026. The members of the two groups varied little, however, in the amount of time they spent giving information to others. Course takers' estimates ranged between 0 hours and 80 hours per month, with a mean of 21.9 hours per month spent giving information to others. For noncourse takers, estimates ranged between 1 hour and 100 hours per month, with a mean of 18.1 hours per month. The difference between the groups was not statistically significant in this instance.
Respondents were asked about the number and type of information resources (databases, books, inhouse technical reports, etc.) that they had created during the past three years. Although inhouse tech reports and other inhouse reports, economic and business data files, computer programs and standards were mentioned as types of material created, in fact only about 50 percent of the respondents in either group reported creating products of any type.
Additional Data Supporting Future Information Access
Respondents were asked about their use of computers beyond the workplace and also about their interest in learning more about information access. Their responses would indicate that they have both an interest in knowing more about January 1995 a wide range of sources and that they have technology in place at home for such access. They also gave considerable support to any plan which would provide formal instruction in information resource use for engineering students and practitioners. Two-thirds of both groups used personal computers at home. Table 12 shows the number of those who also used communications software from home and the type of services with which they connected. While there was no statistical significance in their use of communications software for information access, the course takers used a more diverse group of information resources than the noncourse takers.
Respondents were asked what information they most wanted to learn about: access to information via personal computers or workstations, specific engineering information that would help on the job, or business or other nonengi- Finally, the engineering graduates were asked whether they had received any formal training in information retrieval, and to describe it if they had. In addition to the formal instruction received as undergraduates, 2 course takers noted other training, 1 from vendors (Dialog, TelTech, Chemical Abstracts) and 1 from a public library. Only 2 noncourse takers had received any formal instruction, 1 at General Motors and the other from Dialog.
Approximately 75 percent of the respondents in both categories were supportive of information access being integrated into engineering classes, or taught either as a part of continuing ed ucation or of orientation/ on-the-job training. About half of the respondents also supported a separate undergraduate class in information access.
KEY RESULTS
More than ten years after graduation, half of all the engineers in our survey find themselves working in positions no longer classified as 11 engineer"; they have become managers or moved into other careers in business, law, or academia. They are, however, unified in their belief that hard work in completing projects on time is of primary importance in moving their career forward. 4 Almost all of them A Longitudinal Survey 13 use computers, most of them for word and data processing, and two-thirds of them have computers at home where about half of them use communications software to access bulletin board and electronic information services.
The engineers who took the information resources course show similar information gathering preferences to those who did not-and to engineers generally. That is, they prefer word of mouth and their own library of information when they seek information. However, course takers showed more interest in using nearby college and public libraries. They also demonstrated a knowledge of a broader range of electronically available sources and services, and they read a wider range of both professional society-produced and engineeringrelated technical literature.
While we find little evidence to support course takers being more likely to approach a company librarian or information manager than others, we do see that they are more likely to rely on sources of information outside their companies such as paid consultants, vendors, and colleagues. Furthermore, course takers spent 50 percent more time than their noncourse-taking colleagues finding and using information.
Finally, both groups were almost unanimous in wanting to learn about accessing information both related and unrelated to their jobs. In fact, since only 2 in each respondent group had received any information access-related training during their professional careers, it is obvious that if there is no formal training in college, it is unlikely to occur later. And, they were united in thinking that such instruction should be incorporated into courses taught in college and should also be part of continuing education or on-the-job training.
COMMENTS FROM THE RESPONDENTS
Some of the students who had taken the class appended comments to the survey. One noted that 11 online research is the [way the] real world does things. It's the only way to [do] research" and an-other noted, "[I] believe you cannot emphasize the importance of acquiring information access skills enough all throughout school, even after school and into every workday situations. It really does give you an edge in personal and professional lives."
One of the noncourse takers stated: "While I earned two degrees at U-M, I did not use the facilities and resources available to me. My twelve years of work have shown me that I made a mistake and should have." Two others offered suggestions to make information more accessible and useful to engineers:
I believe that 95 percent of all engineers do not use technical information because it is not easily available. It would do no good if it sat in a library in Ann Arbor. It needs to be easily accessible through a PC at one's desk. In today' s competitive market, one does not have time to visit a library.
The type of information I need varies considerably from one assignment to the next. I do not know ahead of time what information I require. Therefore, access to a general information source is critical. Ease and timeliness of retrieval are also important.
CONCLUSION
This work provides perspective on what impact instruction in information access · and use had on a group of engineers. It also gives insight in how various individuals and organizations might most effectively reach and educate engineers both while they are in college and throughout their careers. It may well also provide both the framework for longitudinal study of information use in other disciplines and the indication of widespread need for training in information use throughout professional careers. We believe that there may be applications of the information presented in this work for information professionals in a variety of settings.
Academic information professionals should consider that engineering students need instruction and electronic access to information resources. Along with playing the role of educator, aca-January 1995 demic librarians must also build unified interfaces which promote ease of access so that all students will be able to use a diverse set of data and information resources in a simple and straightforward way. Information management faculty should note that engineers use computers for electronic access both at home and at work. The engineers want proactive instruction in the use of information access across a broad range of resources.
Engineering colleges can play an important role in promoting the use of technical information. Engineers are generally able to receive information resource access training only while they are in school. Those surveyed have given a strong mandate for information access and resource use being integrated into existing engineering courses. Corporate librarians and information managers should realize that engineers may be very interested in learning about electronic access to information and expect that some instruction should be available. While they show little enthusiasm for approaching a librarian for information, their strong desire to solve problems for themselves carries over to their interest in learning electronic information access. Engineers tend to gravitate toward careers in business and management as they mature, and they read business newspapers and magazines. Interestingly, while they say they would like to learn more about computers, few reported reading computer-related magazines.
Professional societies are positioned to play a major role in the delivery of technical and career development training. Engineers read and trust these publications most to solve their technical information needs and to keep them up-to-date.
Finally, academic librarians and corporate counterparts should consider collaborating to develop a continuum of service for newly graduated professionals in all fields. By providing electronic systems and training which encourages and extends the information seeking and use patterns established in college, this powerful collaboration should result in creating active, lifelong information seekers and users. Anytime, Anywhere
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